Abstract-PAMELA is a satellite-borne experiment designed for precision studies of the charged cosmic radiation. The primary scientific goal is the study of the antimatter component of the cosmic radiation (antiprotons, 80 MeV -190 GeV; and positrons, 50 MeV -270 GeV) in order to search for evidence of dark matter particle annihilations. PAMELA will also search for primordial antinuclei (in particular, anti-helium), and test cosmic-ray propagation models through precise measurements of the antiparticle energy spectrum and studies of light nuclei and their isotopes. Concomitant goals include a study of solar physics and solar modulation during the 24th solar minimum by investigating low energy particles in the cosmic radiation; and a reconstruction of the cosmic ray electron energy spectrum up to several TeV thereby allowing a possible contribution from local 
I. INTRODUCTION
PAMELA (Payload for Antimatter Matter Exploration and Light-nuclei Astrophysics) is a satellite-borne apparatus designed to study charged particles in the cosmic radiation with a particular focus on antiparticles (antiprotons and positrons). PAMELA is installed inside a pressurized container attached to a Russian Resurs-DK1 Earth-observation satellite that was launched into Earth orbit by a Soyuz-U rocket on June 15th 2006 from the Baikonur cosmodrome in Kazakhstan. The satellite orbit is elliptical and semi-polar, with an altitude varying between 350 km (north) and 600 km (south), at an inclination of 70 degrees. The mission is foreseen to last for at least three years. This article continues with a review of the science goals of the PAMELA mission, a description of the PAMELA instrument, operational experience and in-orbit performance, and concludes with a discussion of preliminary results.
II. PAMELA SCIENCE GOALS
The PAMELA mission focuses on the investigation of dark matter, the baryon asymmetry in the Universe, cosmic ray generation and propagation in our galaxy and the solar system, and studies of solar modulation and the interaction of cosmic rays with the Earth's magnetosphere. The primary scientific goal is to study the antimatter component of the cosmic radiation, with the following themes in mind:
• To search for evidence of dark matter particle annihilations by precisely measuring the antiparticle (antiproton and positron) energy spectra
• To search for primordial antinuclei (e.g. antihelium) and evidence for antistellar nucleosynthesis (e.g. anticarbon) • To test cosmic-ray propagation models through precise measurements of the antiparticle energy spectrum and precision studies of light nuclei and their isotopes.
Concomitant goals include:
• A study of solar physics and solar modulation during the 24 th solar minimum by investigating low energy particles in the cosmic radiation • A reconstruction of the cosmic ray electron energy spectrum up to several TeV thereby allowing a possible contribution from local sources to be studied. Table I shows the nominal design goals for PAMELA performance. The various cosmic-ray components and energy ranges over which PAMELA will provide new results are indicated. Antiparticle measurements are the primary scientific goal, and the precise determination of the antiproton and positron energy spectra stand to provide important information concerning cosmic-ray propagation and solar modulation. Indications of charge dependent solar modulation effects have been already seen in the antiproton to proton ratio data [1] . Antiparticles may also be produced from exotic sources such as primordial black holes [2] or the annihilation of supersymmetric [3] or Kaluza-Klein [4] , [5] dark matter particles. Figs. 1 and 2 show the current status of cosmic-ray antiproton and positron energy spectrum measurements, respectively. Theoretical calculations for pure secondary production [6] , [7] , [8] , [9] and for pure primary production due to the annihilation of supersymmetric dark matter particles [10] , [11] are also shown. Almost all data available to date have been obtained by balloon-borne experiments. The short data-taking time (~24 hours) and the presence of a residual overburden of atmosphere (~5 g/cm 2 ) above the detecting apparatus limits the precision of such measurements.
PAMELA will be able to perform very precise measurements with high statistics (~10 4 antiprotons and ~10 5 positrons per year) and over a wider energy range than possible to date. For high energy events (above ~10 GeV), one HEAT-PBAR balloon flight corresponds to ~22 days of PAMELA operations and one CAPRICE98 balloon flight corresponds to ~4 days of PAMELA operations, once live time, and experimental acceptance are accounted for. Fig. 1 . Recent experimental antiproton spectra (see [12] for references) along with theoretical calculations for pure antiproton secondary production (solid lines: [6] , dashed line: [7] ) and for pure antiproton primary production (dotted line: [10] , assuming the annihilation of neutralinos of mass 964 GeV/c 2 ). The expected PAMELA performance, in case of a pure secondary component (full boxes) and of an additional primary component (full circles), are indicated. Only statistical errors are included in the expected PAMELA data.
The full boxes in figs. 1 and 2 indicate the expected PAMELA performance (3 years) for a pure secondary antiproton and positron component, respectively. In the same figures the full circles show the expected performance for an additional primary component due to dark matter neutralino annihilation. The errors on the expected PAMELA data points only include statistical uncertainties. An average PAMELA orbit has been used to estimate the vertical geomagnetic cut-offs and, consequently, the expected number of antiproton and positron events at low energies [13] . [12] for references). The dashed [8] and the solid [9] lines are calculations of the secondary positron fraction. The dotted line is a possible contribution from annihilation of neutralinos of mass 336 GeV/c 2 [11] . The expected PAMELA performance, for a pure secondary component (full boxes) and of an additional primary component (full circles), are indicated. Only statistical errors are included in the expected PAMELA data.
III. THE PAMELA INSTRUMENT
PAMELA is built around a 0.43 Tesla permanent magnet spectrometer equipped with 6 planes of double-sided silicon detectors allowing the sign, absolute value of charge and momentum of traversing charged particles to be determined. The acceptance of the spectrometer (which also defines the overall acceptance of the PAMELA experiment) is 21.5 cm 2 sr and the maximum detectable rigidity (momentum / charge) is found to be ~1 TV from tests with particle beams. Spillover effects limit the upper detectable antiparticle momentum to ~190 GeV/c (~270 GeV/c) for antiprotons (positrons). The spectrometer is surrounded by a plastic scintillator veto shield. An electromagnetic calorimeter mounted below the spectrometer measures the energy of incident electrons and allows topological discrimination between electromagnetic and hadronic showers, or non-interacting particles. Planes of plastic scintillator mounted above and below the spectrometer form a time-of-flight system which also provides the primary experimental trigger. The timing resolution of the time-offlight system allows albedo particles to be identified and proton-electron separation is also possible below ~1 GeV/c. Ionising energy loss measurements in the time-of-flight scintillator planes and the silicon planes of the magnetic spectrometer allow the absolute charge of traversing particles to be determined. The volume between the upper two time-offlight planes is bounded by an additional plastic scintillator anticoincidence system. A plastic scintillator system mounted beneath the calorimeter aids in the identification of high energy electrons and is followed by a neutron detection system for the selection of very high energy electrons (up to 2 TeV) which shower in the calorimeter but do not necessarily pass through the spectrometer. Fig. 3 shows the arrangement of the PAMELA apparatus. A complete description of the subdetector components can be found elsewhere [12] .
PAMELA is housed inside a pressurized container attached to a Resurs-DK1 Earth observation satellite, as shown in fig.  4 . The satellite is manufactured by the Russian space company TsSKB Progress to perform multi-spectral remote sensing of the Earth's surface and acquire high-quality images in near real-time. The satellite has a mass of ~6.7 Tonnes and a height of 7.4 m. The solar array spans ~14 m. The satellite is threeaxis stabilized with an axis orientation accuracy of 0.2 arcmin and an angular velocity stabilization accuracy of 0.005 degrees/s. During launch and orbital manoeuvers, the pressurized container is secured against the body of the satellite. During data-taking it is swung up to give PAMELA a clear view into space. The container is cylindrical in shape and has an inside diameter of about 105 cm, a semi-spherical bottom and a conical top. It is made of an aluminium alloy, with a thickness of 2 mm in the acceptance of PAMELA. PAMELA points mainly to zenith during data-taking. During remote sensing operations the satellite executes a rolling movement around zenith. The maximum roll angle can reach 30 degrees. Information about the inclination is transmitted to the PAMELA every 1.5 seconds with an accuracy of about one degree. , and since then PAMELA has been in a standard data-taking mode. As of November 2007, there have been more than 400 days of data taking (with an average live time of 73%). Science data is stored in the PAMELA mass memory (2 GBytes). Once full, data is transferred to the Resurs-DK1 mass memory. This typically occurs 7 times per days for an average data volume of 14 GByte. This data is down-linked to ground in 2-3 sessions per day with a bit error rate of less than 10 -9 . The reception centre is located at The Research Centre for Earth Operative Monitoring ('NtsOMZ') in Moscow, Russia. Upon arrival at NtsOMZ, the data is unpacked and a 'Quicklook' analysis performed in order to evaluate the performance of the apparatus and check for error conditions. If needed, the PAMELA configuration can be changed through data uplinks. After being committed to local storage, data are sent through leased networks to MePHI (Moscow Engineering and Physics Institute) and then onwards to CNAF, the INFN GRID computing facility in Bologna, Italy. At this point, data reduction and calibration takes place prior to distribution to participating institutes.
The PAMELA orbit has an inclination of 70 degrees and is elliptical (350 km -610 km altitude). The orbit crosses the South Atlantic Anomaly several times per day as well as the outer (electron) radiation belt in the vicinity of the South Pole.
After an initial commissioning period, PAMELA operations have been relatively straight-forward. Web-based Quicklook software allows the instrument status to be rapidly assessed and error conditions trapped. Approximately 1 alarm is issued per day usually as a result of an anomalous electronics condition. A weak correlation to passages through the South Atlantic Anomaly and radiation belts has been observed. The majority of these alarms are dealt with automatically by hardware resets and less than one per month requires the instrument power supply to be cycled. Few up-link interventions have been necessary. An example of the stability of the instrument is shown in fig. 5 where the typical time development of pedestal values from a section of the calorimeter is shown over a period of 5 months. Fig. 5 . The time dependence of the pedestal value (ADC counts) for a typical calorimeter channel, as measured during calibration runs at the equatorial ascending node. The time on the x-axis corresponds to approximately 5 months. A minimum ionizing particle registers a signal ~30 channels above the pedestal.
The primary PAMELA trigger is formed by requiring coincident energy deposits in the time-of-flight scintillator planes. Each plane consists of two orthogonal layers of plastic scintillator. The coincidence condition is chosen according to the counting rate measured on the top-most scintillator plane (S1 in fig. 3 ). In low rate equatorial regions, a coincidence is required between all three scintillator planes with an 'OR' condition applied between the layers in a given plane. In high rate regions such as the South Atlantic Anomaly or the radiation belts, the top-most scintillator plane is not used in the coincidence condition since it saturates. Furthermore, an 'AND' condition is applied between layers of a given plane. The average trigger rate is ~25 Hz. The rate in equatorial regions is ~20 Hz and ~30 Hz in polar regions. The trigger rate as a function of orbital position is shown in fig. 6 , and many orbits are shown superimposed on a world map in fig. 7 . The location of the South Atlantic Anomaly is clearly evident. It is noted that hardware parameters (e.g. high voltage settings for photomultiliers) are not changed in high rate regions such as the South Atlantic Anomaly or during solar particle event alerts.
V. PRELIMINARY RESULTS
To date, several tens of thousands of events have been identified as positrons and several thousands as antiprotons. Figs. 8 and 9 show an example of a high energy antiproton and positron, respectively. The lepton-hadron separation afforded by the combination of the calorimeter and neutron detector is evident. These events represent the highest energy antiparticle events reconstructed to date in the cosmic radiation, and are of particular interest in the search for dark matter particle annihilations.
Through a combination of ionization energy loss measurements in the scintillator planes of the time-of-flight system, the silicon planes of the spectrometer and the first calorimeter plane, PAMELA is also able to study light nuclei at least up to Oxygen. As an example, fig. 10 shows the average ionization energy loss measured as a function of rigidity as a particle traversed the silicon planes of the spectrometer.
PAMELA also has the ability to study solar particle events over an unprecedented energy range for several particle types (e.g. protons, nuclei, and positrons) simultaneously [14] . The large solar particle event of 13 th December 2006 was observed by PAMELA and fig. 11 shows the observed increase in the low energy proton flux compared to a solar quiet period. Fig. 6 . The evolution of the trigger rate (Hz) for two consecutive PAMELA orbits. Each orbit has a period of ~94 minutes. A sinusoidal structure is evident as PAMELA completes one orbit. The narrow spikes correspond to passages through the South Atlantic Anomaly. The trigger rate drops to zero as PAMELA crosses the equator on an ascending node due to the execution of a calibration procedure. Fig. 7 . A large number of PAMELA orbits superimposed on a map of the world. The colour code shows the trigger rate in Hertz. The trigger rate is seen to increase as PAMELA approaches the polar regions due to the effect of the Earth's geomagnetic cut-off. In the South Atlantic Anomaly the trigger rate increases by a factor of ~5. The low trigger rate band at zero latitude corresponds to periods when PAMELA is in calibration mode. 
VI. SUMMARY
PAMELA is a general purpose charged particle detector system which was launched into Earth orbit in June 2006. It has been routinely collecting data once a short commissioning period was completed. PAMELA will explore the antiparticle component of the cosmic radiation with high statistics and over a wide energy range. Data analysis is on-going and first results will be published shortly. Fig. 11 . The proton energy spectrum measured during three hours of the large solar particle event of 13 th December 2006 (black) compared to a solar quiet period (red). A significant increase in the flux of low energy protons (< 3 GeV) is associated with the solar particle event.
